Abstract: A study has been carried out on the quality of ground and surface water with respect to chromium, manganese, zinc, copper, nickel, cadmium and arsenic contamination from 28 different sources in the predominantly rural Golaghat district of Assam (India). The metals were analysed by using atomic absorption spectrometer. Water samples were collected from groundwater and surface water during the dry and wet seasons of 2008 from the different sources in 28 locations (samples). The results are discussed in the light of possible health hazards from the metals in relation to their maximum permissible limits. The study shows the quality of ground and surface water in a sizeable number of water samples in the district not to be fully satisfactory with respect to presence of the metals beyond permissible limits of WHO. The metal concentration of groundwater in the district follows the trend As>Zn>Mn>Cr>Cu>Ni>Cd in both the seasons.
Introduction
Groundwater has been used as a source of drinking water for millions of rural and urban families in India. Heavy metal contamination of groundwater more often than not goes unnoticed and remains hidden from the public view. Presently, it has raised wide spread concerns in different parts of the world and results reported by various agencies have been alarming [1] [2] . The concentration of toxic metal ions has increased beyond environmentally and ecologically sustainable levels due to natural phenomenon as well as anthropogenic impact. The poisoning effect of toxic metals from contaminated drinking water has evolved as one of the major health hazards in the 21st century 3, 4 . There is also evidence of prevailing heavy metal contamination of groundwater in many areas of India 5, 6 . Recent studies show that the levels of trace metals present in drinking water could seriously affect human health [7] [8] [9] [10] [11] .In the third world countries, the common people and sometimes even in the highly educated people are not aware of the dangers of contamination of drinking water sources. Therefore, it is utmost importance to determine the quality of drinking water with respect to all constituents and take proper remedial measures, if required, to ensure quality criteria as formulated by WHO and other regulating bodies 12 . Of all the contaminants present in water, metals are very important in governing drinking water quality. The presence of some metals in drinking water is desirable to certain extents for proper maintenance of human health. Above these limits, they behave as pollutants and toxicants causing serious health hazards. Again, some metals should not be present in water even in trace amounts because of their high degree of toxicity.
The Office of deputy director, economics and statistics, golaghat district).The most widely used sources of drinking water in the Golaghat district are ring well and tube wells and sometimes pond water and river water also. The urban water supply scheme is inadequate and supply water only in some locations in Golaghat town. A large section of the people even in urban areas has to depend on tube wells and ring wells for their water needs and in the areas, these are the only sources for the people. The objective of the present work is to study the quality of ground and surface water in the district with respect to a few important metals Cr, Mn, Fe, Co, Ni, Cu, Zn , Pb and As.
Experimental
After thorough study of the topographic and climatic conditions of the study area, it was decided to collect twenty eight ground and surface water samples from tube wells, ring wells, rivers, pond and lake and supply water from Golaghat sub-division of Golaghat district during dry and wet season of 2008. The sampling stations, the type of sources, Cr, Mn, Fe, Co, Ni, Cu, Zn and Pb and As concentrations (ppm) for both dry and wet seasons are listed in Table 1 . The water samples were collected in pre-cleaned plastic containers of 5 L capacity. The samples were preheated and reserved properly and analysis for heavy metals was carried out following standard procedure (APHA, 1995) . To determine the amount of metals, 100 mL of each sample was acidified with conc. HNO 3 and was then allowed to evaporate in an oven at temperature 60 -50 o C for reducing the volume to 20-30 mL. Then volume was made up to 100 mL by the addition of doubled distilled water. Finally the resulting samples were then analyzed using atomic absorption spectrophotometer (Variant spectra AA220).
Results and Discussion
Water sampling locations and sources are presented in Table 1 . The experimental results are presented in Table 2 . To look into the seasonal variations and distribution patterns of the metal contents in groundwater, data were exposed to several statistical treatments. Descriptive statistics based on normal distribution has been summarised for both dry and wet season in Table 3 & 4 respectively. Seasonal distributions of various metals in groundwater are graphically presented in Figures 1-7 .
In the present study chromium content in groundwater are found to be above the permissible limit (in dry season) of WHO with a mean value of 0.0612 ppm and 0.04386 ppm respectively in dry and wet season. It may be seen from Table II that some of the water samples contain chromium at toxic levels. The skewness and kurtosis values for chromium in both the seasons indicate that its distribution in the study area is not uniform. Manganese is a vital micronutrient for both plant and animals. It is found in various salts and minerals, frequently in association with iron compounds. The concentration of zinc in sampling sources is in the range of 0.222-1.787 in dry season and 0.144-1.132 in wet season. Zinc is a nutritionally essential element. It is necessary for growth and is involved in several physiological functions. In all the samples under investigation, the zinc contents are much below the guideline value of 3 ppm. Positive kurtosis and skewness value for zinc in both dry and wet season is indicative of its sharp asymmetric distribution with a long right tail from its median.
It has been found that copper levels are low with few of samples being below detection limits. Where the metal concentrations are above detection limits, they still fall below the WHO guidelines value of 1 ppm. Copper is an essential micronutrient, but in high concentration causes physiological effects in human. Water containing 3 mg copper/L was associated with gastrointestinal disturbance in adults, whereas water containing 1 mg/L was not 14 . Copper shows higher concentration during dry season. Positive kurtosis and skewness value for copper in dry season is indicative of its sharp asymmetric distribution with a long right tail from its median. Again in wet season the distribution (negative kurtosis) of data are platykurtic (lower peak than a normal distribution) having no longer tail with symmetrical distribution (zero skewness).
It has been observed that nickel content of some of the sampling sites is high with compared to WHO guideline value 0.02 mg/L. Average nickel contents in dry season fall outside the maximum permissible limit of 0.02 ppm as set by WHO whereas the average Ni contents in wet season fall below permissible limit of WHO. The maximum value is obtained at sampling point RW4 during dry season. Positive kurtosis and skewness value for nickel in dry season is indicative of its sharp asymmetric distribution with a long right tail from its median. Again in wet season the distribution is negatively skewed with a tail in negative direction and platykurtic with a lower peak than a normal distribution.
It has been observed that the average cadmium content in dry season is 0.01707 and in wet season 0.01482 whereas WHO guideline value is 0.005 ppm and ISI limit is 0.01 ppm. So average cadmium contents in both dry and wet season fall outside the maximum permissible limit of ISI and fall below the permissible limit of WHO. The maximum cadmium content was found in RW4 (0.36 ppm) in both dry and wet season. In dry season the distribution of data is negatively skewed with a tail in negative direction and platykurtic with a lower peak than a normal distribution. Positive kurtosis and skewness value for cadmium in wet season is indicative of its sharp asymmetric distribution with a long right tail from its median. Cadmium is not biodegradable, can accumulate in human vital organs, producing progressive toxicity. Source of occurrence (naturally) is the type soil.
Arsenic concentration in groundwater and surface was found to be within the range of BDL-202 ppb during dry season and BDL-164 ppb during wet season. It is observed that groundwater samples of Golaghat district fall under alert category with respect to arsenic as some of the samples exceed and some are approaching the WHO (2004) and USEPA (2001) guideline value 10 ppb (Table 2) . Positive kurtosis and skewness value for arsenic in both the season is indicative of its sharp asymmetric distribution with a long right tail from its median. Wide data range and high standard deviation in case of arsenic in both dry and wet season are likely to bias the normal distribution statistic. Significant differences among mean, median and mode along with significant skewness and kurtosis values observed for arsenic in both the seasons are indicative of departure of sample frequency distribution curve from normal. Mean arsenic contents exceeds the permissible level of 10 ppb (WHO, 2004) 13 in 42.8% sampling points in dry season and 39.2% in wet season. The highest arsenic content was found in TW7 (202 ppb). So people should not drink water from this tube well.
During the study, seasonal variations are also observed for all the trace metals under investigation. By comparing the average values of all the trace metals, it is observed that the metal content of groundwater and surface in the district follows the trend As>Zn>Mn>Cr>Cu>Ni>Cd in both the seasons. It has been noticed that average arsenic concentrations in both the season fall in high alert category. Although, arsenic contents beyond the guideline value (10 ppb) of WHO and USEPA have been found in a large number of samples, no report of Arsenocosis from the areas has been known till date.
Conclusion
Statistical observations on chromium, manganese, zinc, copper and nickel in ground and surface waters of Golaghat district, Assam show that all these metals exhibit a non-uniform distribution.
Comparing the water content of trace metals with the recommended maximum values for drinking purposes, it is found that a sizeable number of ground and surface samples contain chromium, manganese, nickel, cadmium and arsenic at an alert level. The concentrations of copper and zinc in the groundwater of the area are either low or moderate and within the guideline values of WHO.
Keeping in view of the unusually high concentrations of the harmful metals specially for arsenic at some of the sampling sites, it is concluded that regular monitoring of water sources should be ensured by the concerned authorities to prevent the outbreak of water borne diseases in the area.
